Abstract. For rotor blades of the 1.5MW wind turbine, combined with ANSYS software, finite element analysis had been made. Vibration frequency on the wind turbine blades at different bands has been calculated. The result provided theoretical basis for the operation of wind turbine.
Introduction
Wind energy is the kinetic energy generated by the flow of air. It is an inexhaustible renewable energy source without any pollution [1] . The wind speed is changing all the time. The records show that within 0.25 s, the wind speed can be changed from 27 m/s to 37 m/s. These gusts provide varying pneumatic loads for wind turbines. The wind speed changes not only in size, but also in direction. With changes in the wind direction, the wind turbine shaft moves toward the wind and generates a gyro torque, which acts on the blade as a variable inertia load. In addition, for large wind turbines, the weight of the blade itself is a non-negligible load, and this load is also constantly changing for the rotating blades. Under the joint action of these factors, the wind turbine is prone to chatter during the operation, resulting in damage to the blades. Therefore, the finite element analysis of the rotor blades to study the natural frequency and mode shape of the blades, so as to predict and analyze the structural dynamic characteristics under the action of the external load, it is very necessary.
Wind wheel blade model overview
This paper takes the wind turbine blade of DF82 wind turbine as an example to calculate the object. Its three-dimensional model is shown in Fig. 1 . The rated power is 1.5MW. It is generally installed in inland areas. The design service life is 20 years. The rotation direction is clockwise. The parameters are shown in Table 1 .
According to the literature [2] , the extreme thrust load on the unit swept surface of the wind wheel is taken as (1-1). B3
Among them， Trot -Total thrust load acting on the rotor, trot -Extreme thrust load on unit swept surface, Arot -Wind wheel swept area, Tblade -Thrust load acting on a single blade, B -The number of blades of the wind wheel, Mrot -Torque generated by thrust load on a single blade. 
Dynamic analysis of blades
The three-dimensional model of the blade was saved as a ".x_t" file, imported into the ICEM CFD for meshing, and then the modal analysis of the blade was performed on the ANSYS platform. The material of the blade is glass fiber reinforced composite (GRP). The material performance parameters are shown in Table 2 . Finally, ANSYS calculation results were obtained. Reading the results of ANSYS general-purpose processor, the various frequencies and various vibration modes of the wind turbine blades from first-order mode to eleventh-order mode were obtained, as shown in Fig. 3(a-k) .
When the blades are stationary (0 m/s), the natural frequencies from first-order mode to eleventh-order mode are shown in Table 3 . It can be seen from the figure, about vibration modes of the blade, from first-order mode to sixth-order mode, the first form is mainly the flapping vibration, and the second form is mainly the shimmy. The first few steps are dominated by waving and oscillating vibrations and their mutual coupling vibrations, that is, flapping and oscillating vibrations are the main vibrations of wind turbines. Seventh-order waving and torsional vibration until the eleventh-order vibration mode can clearly see the effect of torsional vibration.
(1) From the calculation results, it can be seen that the frequency of flapping vibration and oscillating vibration of the wind turbine blade is low, and the frequency of torsional vibration is high.
(2) Calculations show that in the vibration of wind turbine blades, the coupled vibrations of flapping and pendulum vibrations will play a major role and the effects of torsional vibrations will be less.
(3) Because the root portion of the wind turbine blade is not completely equivalent to the fixed support, the calculated frequency value may be higher than the actual value.
(4) In the resonance analysis and response calculation of conventional mechanical vibration, the natural oscillation frequency of the blade is a very important parameter. In actual operation, the rotation of the blade will change its natural frequency; and the natural frequency of the blade during flutter is the frequency of the coupled vibration of the system. But under normal circumstances, the system's coupling vibration frequency is close to the free vibration frequency of a single blade in the static state. Therefore, it is considered that the free vibration frequency of a single blade is the natural vibration frequency during its operation.
(5) In this paper, the first-order frequency calculated of the 1.5MW wind turbine blade is close to the test frequency of 0.78 Hz with an error of -0.77%, which shows that the wind turbine blade modal analysis method adopted in this paper is feasible.
Conclusions
In this paper, ANSYS software is used to perform modal analysis on the wind turbine blades, the frequencies and vibration modes of the wind turbine blades from first to eleventh order are obtained. The first-order frequency of the wind turbine blade is close to its natural frequency, so the first-order frequency is considered to be the natural frequency of the wind turbine blade. The analysis results basically meet the data of 1.5MW wind turbines. Therefore, when the wind turbine is in operation, the rotation frequency of the rotor blades should be avoided from the integral multiple of the natural frequency of the blades to avoid resonance.
